The RADP (Random amplified polymorphic DNA) technique was used to detect tissue-culture-induced variations in sugarcane. Plants of the Brazilian variety RB83-5486 propagated via rhizomes and via meristem cultures were studied. The polymorphism rate for 98 RAPD loci was 6.93% when the plants derived from meristems. Besides, in order to evaluate the influence of the number of subcultures on the generation of somaclonal variation, field-grown RB83-5486 plants derived from 10 meristems were studied after five subcultivations. Although different rates of polymorphism were observed, there was no direct association with the stage of subcultivation. The analysis of plants of two sugarcane varieties cultivated in vitro from meristems showed that variety RB83-5486 was more unstable than variety SP80-185.
Introduction
Sugarcane (Saccharum sp.) is globally the main source of raw material for the production of sugar, followed by sugar beets (Beta vulgaris). Although many countries are sugarcane producers, only six of them account for 65% of the world's entire sugarcane production, Brazil being the largest one. Data from the Food and Agriculture Organization (http://apps.fao.org) show that in 1998 the world area devoted to sugarcane cultivation was 19,438,105 hectares, with Brazil accounting for about one fourth of this area.
Currently, a proportion part of the sugarcane plantlets are produced by tissue culture methods. The terminal portions of the stalks are collected from disease-free field plants. Shoot tips (4 cm) are then obtained by removing older surrounding leaves. After disinfection, the apical meristems are aseptically excised and placed on liquid MS medium (Murashige and Skoog, 1962) for up to 30 days. Culturing is done by transferring the plantlets to the same medium containing benzyl-aminopurine to produce shoot branches, followed by subculturing for up to six months (Lee, 1987) . At a multiplication rate of about five plantlets per flask and one subculturing per month, it is feasible to obtain as many as 20,000 plantlets from a single meristem.
Sugarcane micropropagation from apical meristems is very useful in sugarcane breeding programs, because of the time it saves in multiplying the promising varieties and clones and in facilitating the acquisition of large volumes of material. Meristem culturing can also be useful in eliminating pathogens (Hendre et al., 1983) .
Despite the advantages of in vitro propagation, phenotypic instability has been observed in micropropagated species, including sugarcane (Irvine et al., 1984; Bailey and Bechet, 1989; Irvine, 1991; Peros et al., 1994; Burner and Grisham, 1995; Taylor et al., 1995) . Larkin and Scowcroft (1981) coined the term somaclonal variation to describe the occurrence of genetic variants derived from in vitro procedures. Factors such as explant source, time of culture, number of subcultures, phytohormones, genotype, media composition, the level of ploidy and genetic mosaicism are capable of inducing in vitro variability (Silvarolla, 1992) .
The stimulation of axillary bud development is not expected to generate genetic instability, since this technique uses the normal ontogenetic route for branch growth by lateral meristems. In comparison, plant regeneration produced by culturing tissue sections lacking a preformed meristem (adventitious origin) (reviewed by Phillips et al., 1990; Phillips et al., 1994; Karp, 1995) or derived from callus and cell cultures (de novo origin) (Damasco et al., 1996) is more susceptible to somaclonal variation. In the case of sugarcane, shoot tip culturing induces considerable phenotypic variability (Burner and Grisham, 1995) .
Molecular markers are widely used to detect and characterize somaclonal variation at the DNA level (Ford-Lloyd et al., 1992; Cloutier and Landry, 1994; Barrett et al., 1997) . Of the available techniques, RAPD is among the most useful ones (Rani et al., 1995; Taylor et al., 1995; Shoyama et al., 1997; Todoroviska et al., 1997; Rout et al., 1998) . Changes in the RAPD pattern may result from the loss/gain of a primer annealing, caused by point mutations or by the insertion or deletion of sequences or transposition elements (Peschke et al., 1991) .
In this study, we used RAPD to investigate the somaclonal variation in Brazilian sugarcane varieties derived from meristem cultures. Clones not derived from in vitro procedures were simultaneously analyzed.
Material and Methods

Plant material
Two Brazilian varieties of sugarcane were used: RB83-5486, in which in vitro propagation causes phenotypic instability, and SP80-185, which performs well when micropropagated, having the same appearance as the original clone.
The high rate of phenotypic instability in RB83-5486, when micropropagated, impairs its commercial production. The original clone underwent meristem culture in 1993 and was in the second vegetative propagation at the time of this study. Initially, four aberrant plants collected at the Barra Grande Sugar Mill, State of São Paulo, were used. Plants were selected based on their aberrant phenotype and designated M 1 , M 2 , M 3 and M 4 . These somaclonal plants had a very thin top and excessive lateral bud formation; M 2 also had an excessive number of calluses between knots.
To determine the occurrence of intraclonal variation, 48 plants of the original clone were collected and compared to 48 normal plants of the same variety propagated via rhizomes.
In order to evaluate the influence of the number of subcultures on the generation of somaclonal variants, apical meristems were excised from 10 field plants of the original RB83-5486 clone and subcultured five times. After each subculture, part of the meristem-derived plantlets were acclimatized to greenhouse conditions. Later, the experimental material was planted in fields around the Ester Sugar Mill (State of São Paulo). The DNA of 50 plants was then extracted (Figure 1 ).
Thirty plantlets of each variety (RB83-5486 and SP80-185) derived from the in vitro propagation of five meristems were also analyzed. Each meristem and its derivatives were studied during six subcultures. This experiment was conducted at the Copersucar Technology Center (CTC).
Extraction and quantification of genomic DNA DNA was extracted using the CTAB method, described by Murray and Thompson (1980) and Rogers and Bendich (1985) , with modifications. Approximately 250 mg of fresh tissue from each individual plant were powdered in liquid nitrogen.
DNA was quantified by electrophoresis (3 V/cm) in 0.8% agarose gels (w/v) by comparison to known concentrations (20-400 ng) of lambda phage DNA. The DNA was visualized by ethidium bromide staining , and the original DNA solutions were then diluted to 5 ng/L for PCR reactions.
Amplification conditions
PCR amplifications were performed in a Perkin-Elmer-Cetus thermocycler, as described by Vieira et al. (1997) , with modifications. The reaction mixture contained 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 2.0 mM MgCl 2 , 0.2 mM dNTPs, 0.25 µM primer (Operon Technologies), 20 or 40 ng of template DNA, 2 units of Taq polymerase, and ultra-pure autoclaved water in a final volume of 25 µL. The reactions were subjected to 40 amplification cycles, after an initial denaturation at 92°C for 4 min. Each cycle 92 Zucchi et al. consisted of 45 s at 92°C, 1.5 min at 40°C, and 1.5 min at 72°C, with a final 5 min extension at 72°C. The amplification products were run on 1.4% agarose gels at 3 V/cm. A DNA ladder (100 bp, Pharmacia) was used as molecular weight marker. The gels were photographed under UV light, using a Gel-Doc 2000 photo documentation system (Bio-Rad).
Primer selection
After optimization of the amplification conditions, useful primers were selected from 20 oligomers in kit A (OPA-01 to OPA-20), two in kit F (OPF-03 and OPF-04) and three primers in kit E (OPE-01, OPE-05 and OPE-06).
Data analysis
The data were analyzed using locus-to-locus gel readings, and the rates of in vitro DNA polymorphism were calculated and given as percentage of the total number of bands for the sugarcane clones.
Results and Discussion
Aberrant phenotypes
Nine oligonucleotides (OPA-01, OPA-02, OPA-03, OPA-04, OPA-07, OPA-08, OPA-09, OPA-10, OPA-16) were selected based on the repeatability of their amplification profiles. Fragments ranged in size from 200 bp to 3 kb.
The original clone pattern was very similar to the aberrant plants (M 1 , M 2 , M 3 and M 4 ). Only four out of 98 loci were found to be polymorphic in the aberrant plants, as detected by primers OPA-02 (one locus), OPA-04 (two loci) and OPA-08 (one locus), corresponding to a 4.08% rate of polymorphism ( Table 1 ). Gels that showed RAPD polymorphisms were run at least two more times.
Intraclonal variation
Of the 98 loci analyzed using DNA from 48 rhizome-derived RB83-5486 plants, only one was polymorphic, indicating an intrinsic polymorphism rate of 1.02%. A new 900 bp amplification product was found in a single plant. It was detected by primer OPA-04. Such a variation may derive from point mutations or alterations in chromosome number. The effects of pre-existing DNA polymorphism in clonally propagated plants were also taken into consideration. Plant meristems have an organized layer structure, in dicots usually three, in monocots even more. Cells in the tunica divide predominantly anticlinally, and thus do only rarely change position within the differentiated meristem. Therefore, the meristem of vegetatively propagated plants can represent a complex chimerical structure.
Low levels of morphological variation have been found previously in RB83-5486 plants propagated through rhizomes (Zucchi et al., 1996) , indicating that this clone per se shows a variation that tends to be increased by in vitro propagation. This variation includes stalks with a smaller diameter and shortened internodes. Various plants presented the same abnormal phenotype. A possible chimeric nature of the cultivar used may also be the reason for its high phenotypic instability, rather than an intrinsic genetic factor.
In the 48 plants propagated by meristem culture, the corresponding rate of polymorphism was 6.93% (Table 2) . Tissue culture was thus responsible for the generation of new variability, since a 7(.0)-fold increase in the rate of molecular polymorphism was observed. Heinz and Mee (1971) , working with callus-derived cultures from sugarcane variety H50-7209, detected clones with chromosomal numbers ranging from 2n = 94 to 120. In contrast, chromosome stability was described for varieties NA56-79 (2n = 114) and Co419 (2n = 213) by Silvarolla and Aguiar-Perecin (1994) , who developed a technique to obtain intact somatic metaphase sugarcane cells. Together, these observations suggest either that some genotypes are more susceptible to somaclonal variation, or that the in vitro instability is actually a consequence of a genotype versus culture medium interaction. 
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The influence of subculturing Thirty-two polymorphic loci were detected in the RAPD loci analyzed after five subcultures. Polymorphism was calculated based on the percentage of polymorphic loci (32) out of all loci (98 x 10 meristem-derived plants), which corresponded to a mean rate of 3.26% (Figure 2, top) . The polymorphism rate of each of the meristem-derived groups was: 0.0% (Me 1 ), 5.10% (Me 2 ), 2.04% (Me 3 ), 3.06% (Me 4 ), 3.06% (Me 5 ), 5.10% (Me 6 ), 3.06% (Me 7 ), 4.08% (Me 8 ), 3.06% (Me 9 ), and 4.08% (Me 10 ). These polymorphisms occurred in all subcultivations, and did not increase with the number of subcultures. A large number of variant loci were observed from the beginning of the process, indicating that culturing meristems in vitro is stressful to the plant genome (Figure 2, bottom ). An explanation for this finding is that the pattern observed is in accordance with the segregation of genotypes from a chimeric meristem, resulting in high polymorphisms in the initial generation, due to the breakdown of the meristematic organization, forming a heterogeneous population of homogeneous plants, but, over consecutive generations, lower polymorphisms, due to a stochastic process.
On the other hand, in vitro stress may cause the genome to respond by DNA methylation, and this may modify the RAPD profile through the insertion or excision of transposons (Hirochika et al., 1996) . Kovarik et al. (1997) suggested that epigenetic changes in the level of methylated DNA might play an important role in the mechanism of adaptation to environmental stress.
The RAPD technique reveals DNA polymorphisms as differences in the amplification patterns, and uses primers of random sequences that search for complementarity in the genome. It is suggested that RAPD bands possibly represent mainly repetitive DNA (Grattapaglia and Sederoff, 1994) . Polymorphism in repetitive DNA sequences has frequently been observed during plant propagation by tissue culture (Smulders et al., 1995) and undergoes more alterations than the coding sequences. In vitro stress may provoke changes at preferential sites, such as repetitive DNA, thereby activating transposable elements.
Analysis of in vitro cultured plantlets
The number of polymorphic loci in RB83-5486 plantlets was 16 (15.84%). In the SP80-185 variety, six loci (6.06%) were found to be variable (Table 3) . In vitro stress was seen in all phases (six subcultivation stages) of sugarcane micropropagation in both varieties. However, based on the RAPD profiles, variety RB83-5486 was more unstable than SP80-185. Thus, certain genotypes such as the RB83-5486 variety require more appropriate conditions for culturing.
In conclusion, intrinsic molecular variability exists among sugarcane clones. Meristem culturing increases the rate of polymorphism, which is also influenced by the sugarcane genotype. This in vitro stress occurs at all stages of micropropagation.
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